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[57] ABSTRACT 

Disclosed is a bone cement composition comprising 
polyalkyl methacrylate derived from methacrylate hav- 
ing an alkyl group of 1-4 carbon atoms, hydroxyapatite, 
alkyl methacrylate having an alkyl group of 1-4 carbon 
atoms, 4K2-methacryloyloxyethyl)trimelhtic acid or 
anhydride thereof, and a polymerization initiator. Also 
disclosed are a cured product of the composition, an 
implant material using the composition and a process 
for the preparation of the implant material. 
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grown with time through calcium phosphate, so as to 
BONE CEMENT COMPOSITION, CURED firmly fix the artificial bone on the natural bone. 

PRODUCT THEREOF, IMPLANT MATERIAL AND However, the method for fixing the artificial bone on 
PROCESS FOR THE PREPARATION OF THE the natural bone depending upon a natural healing . 

SAME 5 power of a Uving body requires a long period of time for 

growth of a newborn bone, and therefore the affected 
FIELD OF THE INVENTION part must be fixed for that long period of time. The 

fixing of the affected part for a long time brings about 
The present invention relates to a bone cement com- Averse side effect such as reduction of muscular 
position particularly suitable for adhesion to a natural lQ g^g^ or kinetic functions of joints, and in order to 
bone and an artificial bone, and a reaction cured prod- recover the reduced functions, rehabilitation of a long 
uct of the composition. period of time is necessary. Such rehabilitation makes 

The invention also relates to an implant material such the burden too heavy for the patient Especially for 
as an artificial bone, an artificial tooth root (rung) and a aged persons, such burden is a severe problem because 
process for the preparation of the implant material. 15 the growth of a newborn bone is slow and a very long 

PArvr.pniTwn nF THF INVENTION ** acquired for curing the affected part 

BACKGROUND OF THE INVENTION Furthermore, since calcium phosphate itself does not 

After a part of a bone is surgically removed because have any adhesive force to the artificial bone, it is very 
of disease such as malign tumor or osteomyelitis, a important to allow io firmly adhere calcium phosphate 
method of transplanting (grafting) an artificial bone 20 to the artificial, bone and to cover the artificial bone 
formed from a metal instead of the removed bone has with calcium phosphate. In the prior arts, the adhesion 
been generally adopted. The transplantation (graft) of between the artificial bone and calcium phosphate is 
the artificial bone is made, for example, by providing a insufficient, and various problems still remain accompa- 
cavity in a natural bone for receiving the artificial bone nied by the insufficient adhesion, 
after removing a part of the natural bone, then filling 25 In more detail, for making the artificial bone or arti- 
the cavity with a bonding agent, putting the artificial flcial tooth root covered with calcium phosphate ex- 
bone into the bonding agent and curing the bonding hibit the desired functions, it is required that calcium 
agent to close the gaps between the natural bone and the phosphate is firmly adhered to a metal that is a main 
artificial bone and adhere them to each other. As the structural body of the artificial bone or the artificial 
bonding agent, there has been conventionally employed 30 tooth root. However, most of the artificial bones or 
a mixture of methyl methacrylate (referred to hereinaf- artificial tooth roo* covered with calcium phosphate 
ter as "MMA") and a polymerization initiator such as are insufficient m this viewpoint. Further, in order to 
benzoyl peroxide (referred to hereinafter as "BPO") or pe ^ clum P*osp*iate a sufficient affinity with organ- 
a tnixturrof peroxide and a tertiary amine. For curing ^ ™> * » *° that ^Icium pho^hate ^has ite 

!L u a- ■« »v- i„ji„. «„ M * ; ( „,i,w 1P H ♦„ 35 crystalline structure almost the same as that of thengid 

the bonding agent, the bonding agent is subjected to JL^^, of a fivin body (i.e, natural bone), and 
polymenzauon reason at normal temperatures « ^ J,^ ^ of 

However, the cured product shows poor adhesivity . nuritv 
to a natural bone and moreover the curing reaction of f^^ying those requirements, a complex process 
MMA is a„ exothermic reaction, so that the organiza- ^ ^ ^ the ^ne or the artificial tooth 

tion of the bone may be denatured owing to .the gener- phosphate is neces- 

ated heat during the curing reaction of MMA in the ^ Ueated flt ft h5gh temperature m the process for 
case that the reaction is performed at a high speed.. the preparatioxu However, even in the case of produc- 
In more detail, when the polymerization reaction of . ^ bone or ^ artificial tooth root in consid- 

MMA is performed using such a conventional polymer- 4J CTSLtion of the above-mentioned viewpoints, there can 
ization initiator as a mixture of BPO and amine, the be i^^jy obtained those having satisfactory affinity 
reaction proceeds rapidly to release a reaction heat in a w j tn organism. 

short period of time, so as to temporarily make the As described above, various problems still reside in 
temperature of MMA (or cured product of MMA) rela- both the conventional artificial bone and the conven- 
tively high. Hence, the organization of the natural bone 50 ^ Qn ^ artificial tooth root (dental root), 
in contact with the cured product of MMA might be j n dentistry for treating teeth having relatively simi- 
easfly denatured. lar organization to that of bones, an adhesive compris- 

. Further, the cured product of MMA has a low affin- fog 4^2-methacryloyloxyethyl)trimellitic anhydride 
fty with an organism (i.e., living body), and any substan* (referred to hereinafter as "4-META") or hydrolyzate 
tial adhesive force is not produced between not only the 55 thereof (i.e., 4<2-ntethacryloyloxyethyl)trimellitic acid, 
cured product and the artificial bone but also the cured referred to hereinafter as "4-MET"), MMA and tri-n- 
product and the natural bone, so that looseness is butylborane (referred to hereinafter as *TBET) has been 
brought about with time on each interface therebe- employed for adhering a metal crown to dentin, 
tween. The components of dentin are almost the same as 

For coping with the above-described drawbacks, 60 those of a natural bone, so that the present inventors 
there has been proposed a method of making the artific- have tried to utilize the adhesion techniques of the den- 
ial bone itself have a affinity with a natural bone and tal art in the art of artificial bones. However, even if 
bonding the surface of the artificial bone to the natural such techniques are utilized, an adhesive force of the 
bone grown with time to unite them with each other. adhesive tends to lower when the adhesive is immersed 
That is, the surface of the artificial bone is covered with 65 in water for a long period of time because the affinity of 
calcium phosphate such as hydroxy apatite (referred to the adhesive with a natural bone is insufficient. For 
hereinafter as "HAP") having high affinity with a natu- these reasons, it is difficult to firmly adhere an artificial 
ral bone to unite the artificial bone to a newborn bone bone to a natural bone without denaturing organization 
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of the natural bone even by the use of the adhesion FIG. is a schematic sectional view illustrating 
techniques of dentistry for burying the artificial bone. another embodiment of the artificial tooth root accord- 
ing to the present invention. 

OBJECT OF THE INVENTION ^ „ re 

< DETAILED DESCRIPTION OF THE 

The present invention is to solve the above-men- 3 INVENTION 
tioned problems existing in the prior arts, and it is an 

object of the invention to provide a bone cement com- A bone cement composition and a re^uon cured 
position capable of favorably bonding an artificial bone P^ct ofthe composiUon according to the invention 
&lh»te^.^ tt .^bo«^ « ^£££SZ for the bone cement 
a reaction cured product : d the compositor ofthe invention (also referred to bereinaf- 

It is another object of the mvenuon to provide an ^^^^fe^^ 
implant material such as an artificial bone and an artific- ^ { atoms . 
ial tooth root having a high adhesivity to natural bones. As debase polymer, there is generally used polyal- 

It is a further object of the invention to provide a w k - mcthacrvla £ having a molecular weight of \<P to 
process for the preparation of the above-mentioned 10 g prc f er ably 10 4 to 10 6 , when measured based on 
implant material. GPC m terms of polystyrene. The poxyalkyl methacry- 

SUMMARY OF THE INVENTION I«te » preferably employed in the form of a powder. 

Examples of the base polymers include poly-MMA, 

There is provided by the present invention a bone 20 po iy e thyl methacrylate, polypropyl methacrylate and 
cement composition comprising polyalkyl methacrylate polybutyl methacrylate. These base polymers can be 
derived from methacrylate having an alkyl group of 1-4 employed singly or in combination, 
carbon atoms, calcium phosphate such as HAP, alkyl Of these base polymers, most preferred is poly-MMA 
methacrylate having an alkyl group of 1-4 carbon because possibility of harming human bodies is very 
atoms, 4-META or 4-MET, and a polymerization initia- 23 low. 

tor. The bone cement composition of the invention con- 

There is also provided by the invention a reaction tains calcium phosphate, 
cured product of a bone cement composition compris- The calcium phosphate has a relatively similar com- 
ing polyalkyl methacrylate derived from methacrylate ponent structure to that of a natural bone, so that the 
having an alkyl group of 1-4 carbon atoms, calcium 30 calcium phosphate is finally united with a newborn 
phosphate such as HAP, alkyl methacrylate having an bone in accordance with growth ofthe bone to produce 
alkyl group of 1-4 carbon atoms, 4-META or 4-MET, a high bond strength (high adhesion strength) between 
and a polymerization initiator. the bone cement composition and the bone. 

There is further provided by the invention an implant The calcium phosphate used in the present invention 
material such as an artificial bone and an artificial tooth 35 include, for example, hydroxyapatite, fluoroapatite, 
root comprising a metal and a cured product of a bone tricalcium phosphate, tetracalcium phospate and a mix- 
cement composition covering at least a part of a surface tare thereof. 

of the metal, said composition comprising polyalkyl The calcium phosphate used in the present invention 
methacrylate derived from methacrylate having an may be heat treated or not heat treated. Further the 
alkyl group of 1-4 carbon atoms, calcium phosphate 40 calcium phosphate may be porous or not porous, 
such as HAP, alkyl methacrylate having an alkyl group r In the invention, the calcium Phosphate of various 
of 1-4 carbon atoms, 4-META or 4-MET, and a poly- 'on* can be employed. Especially ^ otaum 
merization initiator phosphate having a mean particle diameter of 1 to 20 

There is furthermore provided by the invention a „ ^ b ^" a ^ f *'Sfi^S^2iZ 
- . 5 ~ , * . 43 and a cured product of the bone cement composition 

process for the preparation of the above-ment,oned ^^ion s^g* can be prominently en- 

implant matenai compnsuig tne steps 01 covenng « ^ 

having a mean particle 

least a part of a surface of a metal with a bone cement of 2 to 15 ^ £ mQTe pre ferably employed, 

composition comprising polyalkyl methacrylate de- and fl cement capable of forming a 

nved from methacrylate having an alkyl group of -4 ^ cured much fflorc enhanced m & e adhesion 

carbon atoms, calcium phosphate such as HAP, alkyl strength md the compression strength can be obtained, 
methacrylate having an alkyl group of 1-4 carbon The calcium phosphate is preferably used in the form 
atoms, 4-META or 4-MET, and a polymerization initia- of a ^ a polyalkyl methacrylate powder. In 

tor; and curing the covered composition. mixture, the ratio between calcium phosphate and 

BRIEF DESCRIPTION OF THE DRAWINGS 53 polyalkyl methacrylate is generally within the range of 

0.1:99.9 to 90:10, preferably 10:90 to 80:20, (calcium 

FIG. is a schematic sectional view illustrating one phosphate:polyalkyl methacrylate, by weight), 
embodiment of the artificial bones according to the ^ t i, e ^ne cement composition of the invention, 
present invention. alkyl methacrylate having an alkyl group of 1-4 carbon 

FIG. 1-6 is a schematic sectional view illustrating $o atoms is employed as a polymerizable monomer compo- 
another embodiment of the artificial bones according to n ent Examples of the alkyl methacrylates include alkyl 
the present invention. monomethacrylate such as MMA, ethyl methacrylate, 

FIG. 2 is a schematic view illustrating a hip joint propyl methacrylate and butyl methacrylate; and alkyl 
formed by burying the artificial bone of. the present dimethacrylate such as ethylene dimethacrylate and 
invention into a femur. 65 propyl dimethacrylate. They can be employed singly or 

FIG. 3-0 is a schematic sectional view illustrating one in combination. Of these, preferably employed as the 
embodiment of the artificial tooth root according to the monomer component is MMA because possibility of 
present invention. harming human bodies is very low. 
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The bone cement composition also contains as a roon- tion, but the composition is advantageously produced 
omer component 4-META or 4-MET having the fol- by beforehand preparing the solid component, the liq- 
lowing formula: uid component and the polymerization initiator as de- 

scribed above and mixing them immediately before the 
OIj-CcCHj o 5 use of the composition. In the latter case, the solid com- 

| D ponent can be obtained by mixing polyalkyl methacry- 

COOCH2CH2OCO— |f"VY" C,, V ^ te ^ base Poly™ 1 ) 80(5 calcium phosphate. The solid 

[x^Jj^^ component may contain various additives such as X-ray 

^vX^II contrast medium (e.g., barium sulfate), antibiotics and 

0 1° other fillers. Those various additives are preferably 

ca — r=rH sterilized prior to the use thereof. In the case of using a 

3 J 2 ° peroxide type polymerization initiator such as benzoyl 

CXXXMjrajOOO-Y^^r-C— OH peroxide as a polymerization initiator, the polymeriza- 

r M \ c _ OH tion initiator can be added to the solid component 

^^✓^~fl 15 The liquid component can be obtained by mixing 

O alkyl methacrylate and 4-META (or 4-MET) with each 

- other. The liquid component may contain a polymeriza- 
The above-described alkyl methacrylate and 4- tion inhibitor such as hydroquinone to inhibit the poly- 
META (or 4-MET) are usually used in liquid state, so merization reaction of the above-described monomer 
-that it is preferred to beforehand dissolve 4^META (or 20 compWenrdurihg the storage. Further, the liquid com- 
4-MET) in the liquid methacrylates separately from the ponent may also contain other additives such as antibi- 
aforementioned polyalkyl methacrylate and calcium otics ^ X-ray contrast medium. Moreover, the liquid 
phosphate to prepare a mixture liquid fi.e., liquid com- component can contain N ( N-dimethyl-p-toluidine for 
ponent (L)). In this case, the hquid component (L) is the accc leration of curing the resulting bone cement 
-prepared I by mixing alkyl methacrylate and 4-META * composition within a living body, 
(or 4-MET) ma ratio ofgenerally 99.9.0 1 to 85:15, ^ pojy^nzation initiator is stored and transferred 
"*™d u n**^****- separately from the above-mentioned liquid component. 

"^ A ^ y We, ^ } ' 2 T g li 0 ^^ Otherwise, the polymerization initiator is added to the 

in the above-mentioned ratio the adhesion strength of Hd ^ponenVas described above. Especially in the 
the resulting composition and the strength of a cured 30 W1IU ^ ,m P u " c,u » »«jvc c^pcwwiy m 

. ^ °. r . . . 0 . . case of us in 2 a polymenzation initiator which forms a 

product of the composition can be prominently en- ~ ; 5 . " ; ■ . Z 

banced radical upon reaction with oxygen or water in air, such 

The Tatio of the aforementioned solid (powdery) " ™ B > * e Polymerization initiator is generally en- 
component (?) to the liquid component (L), that is, closed with an-appropnate sealed container such as an 
component (P)/component(L), is generally within the 35 ™P«^ m ^ e ^rage or transferrence thereof. For 
range of 0.01 to 10, preferably 0.1 to 5. example, the solid component, the liquid component 

Examples of the polymerization initiators employable 811(3 thc polymerization initiator which are separately 

in the invention include a redox type polymerization Prepared (or separately packaged) from each other are 

initiator, which is a combination of benzoyl peroxide ^ Wlth e*™ other immediately before the use 

"(BPO) and amine and conventionally used for preparing 40 thereof-to-prepare-a-bone-ccment-composition of the 

acrylic polymers at approx. normal temperatures, and invention, whereby a curing reaction is initiated. That 

alkyl borone. Particularly preferred are tri-n-butylbo- those components are mixed with each other lmmedi- 

rane (TBB) and/or partially oxidized TBB. In the case atel y **fore thcused thereof to prepare an employable 

of using TBB and/or partially oxidized TBB, the com- bone cement composition. 

"pound reacts with oxygen and water existing in air to 45 Th* artificial bone and the artificial tooth root ac- 

generate a radical, and owing to the radical, the poly- cording to the invention are described in detail below, 

merization reaction of alkyl methacrylate and 4-META F* 0 * lm ° " a schematic sectional view showing an 

(or 4-MET) in the composition is performed to cure the embodiment of the artificial bone of the invention, 

bone cement composition of the invention. The artificial bone 1 of the invention comprises a 

The polymerization initiator is used in such an 50 metal 2 and a layer 3 of a cured product (Le.i cured 

amount that the polymerization reaction is brought product layer) of a polyalkyl methacrylate composition 

about In general, the polymerization initiator is used in which covers at least a part of a surface of the metal 2. 

an amount of 0.1 to 1 part by weight per 1 part by The polyalkyl methacrylate composition used herein 

weight of the total of 4-META (or 4-MET) and alkyl comprises polyalkyl methacrylate derived from meth- 

methacrylate. Especially in the case of using TBB as the 55 acrylate having an alkyl group of 1-4 carbon atoms, 

polymerization initiator, the amount of TBB is prefera- calcium phosphate, alky] methacrylate having an alkyl 

bly in the range of 0.3 to 0.4 part by weight. The amount group of 1-4 carbon atoms, 4-META or 4-MET, and a 

of TBB in this case is larger than that of a polymeriza- polymerization initiator. 

tion initiator used for an adhesive composition in den- As the metal 2 for the artificial bone of the invention, 

tistry. When TBB is used in the above-mentioned 60 there can be employed a metal which hardly gives an 

amount and used in combination with 4-META (or adverse effect to organism even when used for a long 

4-MET) and calcium phosphate, the resulting bone period of time and is not varied in its nature for a long 

cement composition can show curing properties, adhe- period of time. An example of such metal is stainless 

sion strength and compression strength suitable for steel. 

firmly bonding an artificial bone and a natural bone. 65 The artificial bone of the invention can take various 

The bone cement composition can be produced by forms depending upon the portion of a living body 

beforehand. preparing each components separately and where the artificial bone is applied. FIG. 1-a shows an 

mixing them immediately before the use of the composi- artificial bone employable for a hip joint, and the artifio 
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ial bone can be also employed for other artificial joints formed. The calcium phosphate is then subjected to 
such as a knee joint and an ankle joint Otherwise, the sintering. 

artificial bone can be effectively used for portions of a The metal 22 and the calcium phosphate layer 24 are 
living body which are connected to other bone organi- combined with each other using a polyalkyl methacry- 
zation, such as a tooth root 5 late composition containing calcium phosphate. The 

On a surface of the metal 2 of the artificial bone 1 polyalkyl methacrylate composition used herein corn- 
according to the invention is provided a cured product prises polyalkyl methacrylate derived from methacry- 
layer 3 containing calcium phosphate late having an alkyl group of 1-4 carbon atoms, calcium 

The cured product layer 3 is generally provided phosphate, alkyl methacrylate having an alkyl group of 
whole surface of the metal 2 facing a natural bone, but 10 1-4 carbon atoms, 4-META or 4-MET, and a polymeri- 
the layer 3 may be provided on a part of the metal zation initiator. Through the cured product layer 23 of 
surface facing the natural bone. the composition, the metal 22 and the calcium phos- 

The layer 3 is formed from a cured product of a phate layer 24 are adhered to each other, 
methacrylate resin containing calcium phosphate, and The thickness of the cured product layer 23 is gener- 
the cured product is concretely a cured product of a 15 ally not smaller than 1 urn, preferably in the range of 1 
resin composition containing a base polymer, calcium to 500 fim. The thickness of the calcium phosphate 
phosphate, a monomer component and a polymeriza- layer is generally in the range of 0.1 to 10 mm, prefera- 
tion initiator as described above. bly 0.1 to 5 mm. 

The artificial bone of the invention can be prepared An example of the use of the artificial bone according 
by coating the composition containing the above- 20 to the invention is described below, 
described calcium' phosphate and other^mporients on FIG. 2 is a schematic view illustrating an example of 
a surface of a metal 2, or molding the composition in a an artificial hip joint using the artificial bone of the 
mold made of Teflon and then curing the composition, invention. 

The thickness of the coated layer of the composition A femur 11 is provided a cavity 13 for receiving an 
can be varied depending on the purpose of the resulting 25 artificial joint 12, then the cavity 13 is charged with a 
artificial bone. In general, the composition is coated (or bone cement composition 14.-Subsequently, the artific- 
covered) in such an amount that the thickness of the ial joint is inserted into the cavity 13 having been 
cured product layer 3 of the composition would be not charged with the bone cement composition. In accor- 
smaller than 0.1 urn, preferably in-the range of 1 to 500 dance with the curing of the bone cement composition, 

30 the artificial joint 12 is adhered to the femur 11 owing to 

The coated composition can be cured at normal tern- the chemical adhesive force of the bone cement compo- 
peratures or cured under heating. sition. The time required for completion of the adhesion 

The shape of the coated layer can be easily varied between the artificial joint and the femur is varied de- 
correspondingly to_A shape or a_sLze of a cavity pro- pending on the nature of the used bone cement compo- 
vided in a natural bone for receiving the resulting" arti- 35 sition. Generally, the time therefor is within the range 
ficial bone. of approx. 0.5 to 3 hours, and this time is a little longer 

The artificial bone prepared as above can be bonded than the case of using a conventional bone cement com- 
(adhered) to a natural bone using an adhesive (bone position. Accordingly, a heat-generating temperature of 
cement) having an equivalent composition to that of the the bone cement composition in the curing stage is low, 
bone cement composition used for the cured product 40 so tha t the organization of the femur contacting the 
layer 3. Otherwise, the artificial bone can be trans- bone cement composition is hardly damaged. For this 
planted in the same manner as conventionally employed reason, a growth of a newborn bone can be expected, 
to be united with a natural bone with time. Further, since calcium phosphate contained in the bone 

The calcium phosphate contained in the cured prod- cement composition of the invention has a very similar 
uct layer 3 has a very similar component structure to 45 component structure to that of the newborn bone, the 
that of a natural bone, so that a newborn bone is finally calcium phosphate and the natural bone are finally 
united with the calcium phosphate so as to give a promi- united. In the case of using the bone cement composi- 
nently high adhesion force between the artificial bone tion of the invention, the femur and the artificial joint 
and the natural bone, whereby any looseness does not can be bonded to each other not only by a chemical 
occur on the adhered portion even when the artificial 50 adhesive force of the bone cement composition but also 
bone is used for a long period of time. by a joining force given by the unification of newborn 

The artificial bone of the invention comprises a metal. bone and calcium phosphate, so that looseness between 
and a cured product of a specific composition covering the artificial bone and the femur hardly occurs even in 
a surface of the metal as described above. However, the case of using the artificial bone for a long period of 
other embodiment shown in FIG. 1-6 is also included in 55 time. 

the artificial bone of the invention. The present invention is described above exemplify- 

As shown in FIG. 1-6, the artificial bone 21 of the ing an artificial bone, but the invention is also applicable 
invention comprises a metal 22, a cured product layer to an artificial tooth root. 

23 of a bone cement composition of the invention and a FIG. 3-fl is a schematic sectional view showing an 
calcium phosphate layer 24 provided thereon which 60 embodiment of the artificial tooth root of the invention, 
faces a natural bone. As the metal 22, the same metal as The artificial tooth root 31 of the invention comprises 
described above (i.e., metal employable for the embodi- a metal 32 and a cured product layer 33 of a polyalkyl 
ment described above) can be employed. methacrylate composition (Le., a bone cement composi- 

The calcium phospate layer 24 can be formed by any tion of the invention) covers at least a part of a surface 
conventional methods such as a method of compression 65 of the metal 32. 

molding of calcium phosphate. In detail, the calcium FIG. 3-6 is a shematic sectional view showing an- 
phosphate is subjected to compression molding in such other embodiment of the artificial tooth root of the 
a manner that a cavity for receiving the metal 22 is invention. 
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As shown in FIG. 3-6, the artificial tooth root 41 of The implant material such as the artificial bone or the 

the invention comprises a metal 42, a cured product artificial tooth root according to the invention has on its 

layer 43 of a bone cement composition of the invention surface a layer of a cured product of a specific methac- 

and a calcium phosphate layer 44. provided thereon rylate resin containing calcium phosphate such as HAP. 

which faces a natural bone of jaw. As each of the metals 5 This calcium phosphate has a very similar component 

32, 42, the same metal as described above (Le., metal structure to that of a natural bone, so that a newborn 
employable for . the embodiment described above) can bone, adsorbs the calcium phosphate to be united in 
be employed. Further, each of the cured product layers accordance with the growth of the bone. Further, the 

33, 43 and the calcium phosphate layer 44 can also be specific polyalkyl methacrylate shows excellent adhe- 
fonned by the same way as described above, 10 ^on properties to metals, and therefore looseness is 

. The artificial tooth using the artificial tooth root of hardly given between an artificial bone (e.g., artificial 
the invention can.be implanted as follows, j oint ) 811(3 a natural bone even if the artificial bone is 

After baring a bone of jaw out of gingiva on which no ***** for a lon 8 period of time. Furthermore, any corn- 
tooth exists, the bone of jaw is provided a cavity for P lcx P roccss * not nceded for preparing the implant 
receiving an artificial tooth root, then the cavity is 15 material of the invention, for example, they can be eas- 
charged with a bone cement composition. Subse- Ay prepared at normal temperatures, 
quently, the artificial tooth root is inserted into the # The present invention are further described by the 
cavity having been charged with the bone cement com- following examples, but those examples are given by no 
position to b e fixed to the cavity by curing the bone means to resmct ™ mvcntIon \ 
cement composition. 20 EXAMPLES 1-4 AND COMPARISON EXAMPLE 

As shown in FIG. 3-o and FIG. 3-D, the metal of the l 

tooth root has a groove opened axially at about the - . - . . . . , A , XM — 

• *♦ ♦ 93 g of polymethylmethacrylate (Acrybase, ME-3F, 

central pan on its top. tradename of Fujikura Kasei Co., Ltd.) and 7 g of bar- 

A protuberance formed at Ae bottom of an abutment „ iuffl were J ^ ^ ^ ^ * a 

is screwed in the groove, or bonded to the groove with , ^ , meth acrylate component 

an adhesive. Then the abutment is covered with an *~ To 0 . 8 g of the powdery polyalkyl mVthacrylate com- 
crown to form an artificial tooth. < wa$ Q 2 of orous HAP (Ca/P= 1.7) 

The bone cement composiUon of the invention can be £ vin a mean article of 5 (each 

employed for adhering an artificial jomt as described 30 ^ hericaJ fonn)> t0 repare a solid component 
above, and in addition, it can be also employed as a ^ contaklhl HAP in an amount of 20% by weight 
substitution bone by charging it in a broken portion of a Independently, 19.0 g of MMA and 1.0 g of 4-META 
natural bone. were mixed with each other to prepare a liquid compo- 

EFFECT OF THE INVENTION nent (L). 

35 To 0.4 g of the hquid component (L) was added 3 

The bone cement composition of the invention con- drops ( ap p r ox. 0.15 to 0.20 g) of TBB, and they were 
tains calcium phosphate such as HAP, and the calcium well mfced. To the resulting mixture was further added 
phosphate has a very similar component structure to x g of the above-obtained solid component (P), and they 
that of a natural bone, so that the calcium phosphate is were to p re pare a bone cement composition of 

~united to a newborn bone. Further, the composition ^ the invention. ~ 

contains a specific polyalkyl methacrylate as a host u S ra g the bone cement composition prepared as 
component and thereby shows excellent adhesion prop- above, two test specimens of cured product of the com- 
erties to a metal, so that any looseness is not brought position were prepared. One specimen was in the rect- 
about between an artificial bone (e.g., artificial joint) angular form having a size of 4.0 mm X 4.0 mm X 3.0 
~ "and a natural bone even when the artificial bone is used 45 mm> and the other specimen was in the columnar form 
for a long period of time. having a diameter of 6 mm and a length of 8 mm. Of the 

By adhering an artificial bone to a natural bone using two, the former was per se measured on the compres- 
the bone cement composition of the invention, the s [ on strength, and latter was measured on the compres- 
growth of a newborn bone is not inhibited, whereby the s i 0 n strength after immersed in water for 2 months, 
artificial bone, a natural bone and the cured product of 50 using ah autograph (DSS500, produced by Shimazu 
the bone cement composition can be firmly adhered and Seisakusho Co., Ltd.). The value of the compression 
' united to each other for a short period of time. Accord- strength is a value at which each specimen is broken, 
ingly, the affected part is not required to be fixed for a The same procedures as described above were re- 
long period of time, differently from conventional peated except for varying the content of HAP in the 
cases, so that the decline of functions occuring in the 55 solid component (P) to 40% by weight (Example 2), 
vicinity of the affected part is remarkably decreased by 60% by weight (Example 3) and 80% by weight (Exam- 
using the bone cement composition of the invention. pie 4) to prepare various bone cement compositions. 

Moreover, the monomer components such as alkyl Using each of the compositions, test specimens of cured 
methacrylate and 4-META in the bone cement compo- product of the composition were prepared in the same 
sition of the invention are dissolved out in only a small 60 manner as described above. Then, the obtained speci- 
amount, and hence an adverse effect is hardly given to mens were measured on the compression strength in the 
a human body. same manner as described above. 

After the bone cement composition of the invention is Further, the same procedures as described above 
coated over a surface of a natural bone and then the were repeated except for not using HAP to prepare a 
composition is cured, it has been confirmed by a scan- 65 composition not containing HAP for comparison. Using 
ning electron microscope that the bone and the cured the composition, test specimens of cured product of the 
product of the bone cement composition are firmly composition were prepared in the same manner as de- 
adhered to each other. scribed above, and the obtained specimens were mea- 
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sured on the compression strength in the same manner 
as described above. 
The results are set forth in Table 1. 

EXAMPLES 5-7 

The procedures for preparing a bone cement compo- 
sition in Example 1 were repeated except for using 
HAP having a mean particle diameter of IS ym in the 
amount of 20% by weight (Example 5), 40% by weight 
(Example 6) and 60% by weight (Example 7) instead of 
HAP having a mean particle diameter of 5 urn, to pre- 
pare various bone cement compositions. Using each of 
the obtained bone cement compositions, test specimens 
of cured product of the composition were prepared in 15 
the same manner as described in Example 1. Then, the 
obtained specimens were measured on the compression 
strength in the same manner as described above. 

The results are also set forth in Table 1. 
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TABLE 1 



20 



HAP in 

Solid Component 
Particle 
diameter 

(um) 



Amount 
(wt.%) 



Compression Strength 

(kgf/cm 2 ) 

After immersing 
in water 



Dried 
state 



25 



Example 1 


5 


20 


593 


543 


Example 2 


3 


40 


540 


604 


Example 3 _ 


5 . 


60 


636 


608 


Example 4 


3 


80 


969 


702 


Example 5 


IS 


20 


873 


524 


Example 6 


15 


40 


749 


624 


Example 7 


15 


60 




646 


Com. Ex. 1 
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EXAMPLES 11-13 AND COMPARISON 
EXAMPLE 2 

On a section of a human femur was attached a mask- 
ing tape to expose 0-22 cm 2 of the femur outside. 

Then, on an acrylic rod was placed the bone cement 
composition prepared in each of Examples 5 to 7, and 
the acrylic rod with the composition was bonded to the 
exposed portion of the femur through the composition 
by means of pressure welding, and they were allowed to 
stand for 30 minutes. 

Subsequently, the femur bonded to the acrylic rod 
was immersed in water for 1 day, and thereafter the 
adhesion strength between the femur and the acrylic 
rod was measured using an autograph. 

Further, the adhesion strength between the acrylic 
rod and a stainless steel (SUS-304) which was one mate- 
rial of artificial bones was measured in the same manner 
as described above. 

" FurthernT6repthe~adhesion strength between the 
femur and the acrylic rod and between the stainless steel 
and the acrylic rod in the case of using a composition 
not containing HAP was also measured for comparison 
in the same manner as described above. 
—The results are also set forth in Table 2. 

TABLE 2 



30 



HAP in Solid Component 
Particle diameter Amount 



Adhesion Strength 

(MPa) 

Human Stainless steel 



As is evident from the results set forth in Table 1, the 
compression strength was increased by addition of 
HAP, and the strength of the cured product had a ten- 
dency of being enhanced in accordance with the in- 
crease of the amount of HAP. This fact indicates that ^ 
HAP serves to enhance the compression strength of the 
cured product Further, when the amount of HAP is 
increased, the affinity between a cured product of the 
bone cement composition and a bone, and therefore in 
the case of adding HAP in an amount within the range 45 
of the present invention, the adhesive strength between 
the bone cement composition and the bone can be kept 
for a long period of time. 



Example 8 
Example 9 
«- Example 10 
J ' Example 1! 
Example 12 
Example 13 
Com. Ex. 2 





(wt.%) 


femur 


(SUS-304) 


5 


20 


4.1 


7.1 


5 


40 


11.1 


12.0 


5 


60 


M 


103 


IS 


20 


25.5 


7.3 


15 


40 


103 


1A2 


15 


60 


9.9 


11.6 




0 


BJS 


7.8 



EXAMPLES 14 AND 15 AND COMPARISON 
EXAMPLE 3 



EXAMPLES 8-10 

On a section of a human femur was attached a mask- 
ing tape to expose 0.22 cm 2 of the femur outside. 

Then, on an acrylic rod was placed the bone cement 
composition prepared each of Examples 1 to 3. The 
acrylic rod was fixed perpendicularly to the exposed 
portion of the femur through the composition under 
pressure, and they were allowed to stand for 30 minutes. 

Subsequently, the femur bonded to the acrylic rod 
was immersed in water for 1 day, and thereafter the 
adhesion strength between the femur and the acrylic 
rod was measured using an autograph at a crosshead 
speed of 2 mm/minute. 

Further, the adhesion strength between the acrylic 
rod and a stainless steel (SUS-304) which was one mate- 
rial of artificial bones was measured in the same manner 
as described above. 

The results are set forth in Table 2, 



The procedures of Example 2 were repeated except 
for varying the 4-META concentration in the liquid 
component to 3% by weight (Example 14), 10% by 
weight (Example 15) and 0% by weight (Comparison 
Example 3) to prepare various compositions. In the case 
of using each of the obtained compositions, the adhesion 
50 strength between the human femur and the stainless 
steel (SUS-304) was measured in the same manner as 
described above. 
The results are set forth in Table 3. 



55 



TABLE 3 





4-META Concentration - 


Adhesion Strength (MPa) 




Amount 


Human 


Stainless steel 




(WU%) 


femur 


(SUS-304) 


Example 14 


3 


10.8 




Example 9 


5 


11.1 


110 


Example 15 


10 


7.6 




Com. Ex. 3 


0 


5.7 


0 



As is evident from the results set forth in Table 3, 
65 4-META was very effective for adhesion to the human 
femur and the stainless steel, and showed a high effec- 
tiveness when the 4-META concentration was within 
the range of 3 to 5% by weight 
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EXAMPLES 16-18 AND COMPARISON 
EXAMPLE 4 

Each of the bone cement compositions prepared in 
Examples 1 to 3 was cured into a columnar form (diam- 
eter: 6 mm, length: 8 mm). 

The columnar cured product was immersed in metha- 
nol for 1 week, and then the amount of the monomers 
(MMA and. 4-META) dissolved in the methanol was 
measured by the use of a liquid chromatograph (WA- 
TERS Micro Bordapac 18, MeOH:H20=7:3, 1 ml/mi- 
nute). 

Further, the amount of the monomers dissolved in the 
methanol in the case of using a composition not contain- 
ing HAP was also measured for comparison in the same 15 
manner as described above. 

The results are set forth in Table 4. 

EXAMPLES 19-21 

Each of the bone -cement compositions prepared in 20- 
Examples 5 to 7 was cured into a columnar form (diam- 
eter: 6 mm, length: 8 mm). 

The columnar cured product was immersed in metha- 
nol for 1 week, and then the amount of the monomers 
(MMA and 4-META) dissolved in the- methanol was 25 
measured in the same manner as described in Example 
16. 

Further, the amount of the monomers in the case of 
using a composition not containing HAP was also mea- 
sured for comparison in the same manner as described 30 
above. 

The results are also set forth in Table 4. 
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TABLE 4 



HAP in Solid Component Amount of Monomer 
Particle diameter Amount (wt. %) 

Oim) (wt. %) MMA 4-META 



Example 16 


5 


20 


0.32 


1.09 


Example 17 


S 


40 


0.21 


0.70 


Example 1 6 


5 


60 


an 


0.54 


Example 19 


15 


20 


0.32 


032 


Example 20 


13 


40 


0.32 


0.69 


Example 21 


13 


60 


0.24 


0.42 


Com. Ex. 4 




0 


0.48 


0.84 



EXAMPLES 22-24 



The procedures of Example 1 were repeated except 
that each of the following porous calcium phosphates 
was used instead of HAP to obtain a bone cement com- 
position of the invention: 

a) tricalcium phosphate (Ca/P= 1.50) heat-treated at 
950" C for 4 hrs (Example 22); 

b) the mixture of HAP and tricalcium phosphate 
(Ca/P= 1.60) heat-treated at 950° C for 4 hrs (Example 

23) ; and 

c) the mixture of HAP and calcium oxide 
(Ca/P= 1.67) heat-treated at 950* C. for 4 hrs (Example 

24) . 

All of the obtained compositions show as good effects 
as the composition of Example 1. 
What is claimed is: 

1. A bone cement composition comprising: 
a component (P) containing poly alky] methacrylate 
derived from methacrylate having an alkyl group 
of 1-4 carbon atoms and calcium phosphate in 63 
amount such that the ratio between the calcium 
phosphate and the polyalkyl methacrylate is within 
the range of 0.1:99.9 to 90:10, parts by weight; 



a component (L) containing alkyl methacrylate hav- 
ing an alkyl group of 1-4 carbon atoms, and 4-(2- 
methacryloyloxyethyl)trimellitic acid or anhydride 
thereof; 
and a polymerization initiator. 
2. The bone cement composition as claimed in claim 
1, wherein said 
component (L) contains the alkyl methacrylate and 
4-(2-methacryloyloxyethyl)trimellitic acid or an- 
hydride thereof in such amount that the ratio be- 
tween the alkyl methacrylate and the 4-(2-metha- 
cryloyloxyethyl)trimellitic acid or anhydride 
thereof is within the range of 99.9:0.1 to 85:15, 
parts by weight; 
the ratio of the component (P) to the component (L) 
is within the range of 0.01 to 10, and the amount of 
the polymerization initiator contained in the com- 
position is within the range of 0.1 to 1 part by 
weight per 1 part by weight of the component (L). 
3rTbe bone cement "composition as'claimed in claim 
1, wherein the polyalkyl methacrylate is a homopoly- 
mer or a copolymer of methacrylate selected from the 
group consisting of methyl methacrylate, ethyl methac- 
rylate, propyl methacrylate and butyl methacrylate, and 
the alkyl methacrylate is methyl methacrylate. 

4. The bone cement composition as claimed in claim 
1 or 2 wherein the calcium phosphate is hydroxyapatite. 

5. The bone cement composition as claimed in claim 
1, wherein the calcium phosphate is in the form of parti- 
cles having a mean particle diameter within the range of 
1 to 20 fim. 

6. The bone cement composition as claimed in claim 
1, wherein the polymerization initiator is tri-n-butylbo- 
rane and/or a partially oxidized product thereof. 

7. A reaction cured product of a composition com- 
prising: 

a component (P) containing polyalkyl methacrylate 
derived from methacrylate having an alkyl group 
of 1-4 carbon atoms and calcium phosphate in an 
amount such that the ratio between the calcium 
phosphate and the polyalkyl methacrylate is within 
the range of 0.1:99.9 to 90:10, parts by weight; 
a component (L) containing alkyl methacrylate hav- 

— 45 ing an alkyl group-of 1-4 carbon atoms and 4-(2- 

methacryloyIoxyethyl)trimellitic acid or anhydride 
thereof; and 
a polymerization initiator. 

8. The reaction cured product as claimed in claim 7, 
50 wherein 

said component (L) contains the alkyl methacrylate 
and 4-(2-methacryloyloxyethyl)trimellitic acid or 
anhydride thereof in such amount that the ratio 
between the alkyl methacrylate and the 4-(2-metha- 
cryloyloxyethyl)trimellitic acid or anhydride 
thereof is within the range of 99.9:0.1 to 85:15, 
parts by weight; 
the ratio of the component (P) to the component (L) 

is within the range of 0.01 to 10; and 
the amount of the polymerization initiator contained 
in the composition is within the range of 0.1 to 1 
part by weight per 1 part by weight of the compo- 
nent (L). 

9. The reaction cured product as claimed in claim 7 or 
8, wherein the polyalkyl methacrylate is a homopoly- 
mer of methyl methacrylate or ethyl methacrylate or a 
copolymer of methyl methacrylate and ethyl methacry- 
late and the alkyl methacrylate is methyl methacrylate. 
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or 8, wherein the calcium phosphate has a mean particle 

10. The reaction cured product as claimed in claim 7 diameter within the range of 1 to 20 jim. 

12. The reaction cured product as claimed in claim 7 
or 8 wherein the calcium phosphate is hydroxyapatite. or 8, wherein the polymerization initiator is tri-n-butyl- 

5 borane and/or a partially oxidized product thereof. 

11. The reaction cured product as claimed in claim 7 * * * * * 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



